SUMMARY A multicenter retrospective audit of carotid endarterectomies performed during 1981 was completed with 46 institutions contributing 3,328 cases. Overall, there was a 2.5% risk of transient neurological dysfunction following surgery and a 6% risk of stroke or death. The intra-institutional combined major morbidity and mortality varied from 21% to 0. Those institutions with greater than 700 beds had a statistically lower incidence of stroke or death than did other institutions. The incidence of stroke or death postoperatively was significantly lower for patients who were operated on for amaurosis fugax or for unspecified reasons. Those patients who were operated on for a progressing stroke had a higher incidence of stroke but this group was at greatest risk for stroke without surgery. The incidence of postoperative stroke or death was related to the type of arterial repair; vein patch grafting was statistically better than both fabric patch grafting and primary closure. When all patients who were not monitored during surgery were compared to all patients who had electroencephalographic (EEC) monitoring, there was found to be a significant statistical difference in favor of the EEG group. Endarterectomy combined with coronary artery bypass or simultaneous bilateral endarterectomies had a statistically significant higher incidence of stroke or death than did unilateral carotid endarterectomy.
centers and the Cerebrovascular Section of the American Association of Neurological Surgeons.
The participation was solicited from members of the Cerebrovascular Section initially, but thereafter letters were sent to all members of the AANS in an effort to increase the number of reporting centers. Participation was entirely voluntary and was without remuneration. It was not necessary to be a member of the AANS to participate in this study and some contributors were neurologists. Although case material is included from vascular and general surgeons, all correspondence was through neurosurgeons and neurologists. There was no pre-selection process as it was our goal to achieve a broadbased view of the spectrum of carotid endarterectomy in North America.
Anonymity of responses from participating institutions was guaranteed. A code number was assigned to each institution and only one person (NF) had access to the code list. The information obtained was keypunched into a computer bank for retrieval and analysis.
Forty-six centers (Appendix B) contributed their cases of carotid endarterectomy for the year 1981 resulting in a total of 3,328 cases for analysis. The size of responding institutions varied from under 200 beds to over 900 beds and included: private, county or city, university, and veteran's hospitals. The number of cases contributed per center ranged from 12 to 243. The geographic distribution was representative of the continental United States (New England, Middle Atlantic, South, Midsouth, Southwest, West Coast, Northwest, Midwest) and Canada (Quebec and Ontario). The patient population included 1,251 women and 2,077 men. 2) Reversible Ischemic Neurological Deficit (RIND) -A neurological deficit resolving in 7 days.
B. Categorization of Cases

b) Permanent
1) Minor Stroke -This was defined as a patient who was still able to work but had a minor deficit such as an incomplete field cut or clumsiness in one hand or arm.
2) Major Stroke -Unable to work, able to care for self. This category included patients who had a nondominant hemispheric major stroke rendering them unable for gainful employment but yet able to care for self.
3) Major Stroke, Unable to care for self -This category included patients with a major stroke in the dominant hemisphere who, thereafter, required some nursing assistance for self-care and were essentially candidates for a nursing home.
c) Death
Causes for death were coded into two categories: death from stroke and death from myocardial infarction.
d) Other
The form used for compiling information included a code-space for other types of complications. Because of the range of "other" complications from minor (wound hematomas, transient cranial nerve deficits) to major (nonfatal myocardial infarction, death from pulmonary problems), this category was not included in the statistical analysis. However, there was an overall incidence of 9% of "other" complications.
3. Intra-Operative Monitoring -Three major groupings for analysis with two subgroups in each major group were used for analysis. These included: 1) no monitor (shunt and no shunt); 2) electroencephalographic (EEG) monitoring (shunt and no shunt); and 3) stump pressure (shunt and no shunt). 4 . Classification of Operative Procedure -The categories for classification of the operation were as follows: single-stage unilateral endarterectomy; simultaneous bilateral endarterectomy; staged bilateral endarterectomy (bilateral procedures one week or more apart); endarterectomy combined with peripheral vascular procedure; and endarterectomy combined with coronary bypass.
5. Type of Procedure -Procedures were coded according to the type of closure used: endarterectomy without patch graft; endarterectomy with vein patch graft; or endarterectomy with fabric patch graft.
6. Type of Surgeon -Operative procedures were coded according to the type of surgeon: cardiovascular, peripheral vascular, general surgeon, and neurosurgeons.
C. Statistical Analysis
Chi square analysis was used for each of the six statistical analyses involving type of complication. Rank sum analysis was performed in looking at clinical indication for surgery versus type of surgeon.
Results
Types of complications were cross tabulated with each of the following six categories: 1) size of institution, 2) clinical indication for surgery, 3) classification of operation, 4) type of procedure, 5) type of intraoperative monitoring, 6) type of surgeon. Clinical indication for surgery was also cross tabulated with type of surgeon.
In the 3,328 cases reported, there were 82 postoperative TIA's or reversible ischemic deficits (2.5%), 44 minor strokes (1.3% incidence), and 96 major strokes (2.9%) giving an overall incidence of transient deficits of 2.5% and permanent deficits of 4%. There were 26 deaths from myocardial infarction (over 1 % incidence) and 40 deaths due to stroke (1.2%). Thus there was a 2.5% risk of transient neurological dysfunction following surgery and a 6% risk of stroke or death from endarterectomy in the group.
In each of the six categories mentioned above, there was no statistically significant difference found in the frequency of transient or reversible neurological events postoperatively. The incidence of reversible events was 2 to 3% in each category of analysis.
A. Size of Institution
Institutional morbidity and mortality ranged from a high of 16% major stroke and 5% mortality to a low of 1.5% minor stroke with no deaths. When data were analyzed according to the size of the institution, there were no major or striking differences among any institutions except for those greater than 700 beds. Those institutions with greater than 700 beds had a statistically lower incidence of stroke or death than did other institutions (table 1) (p < 0.005).
B. Indication for Surgery
The incidence of stroke or death postoperatively was significantly (p < 0.01) lower for those patients who were operated on for amaurosis fugax or for unspecified reasons as compared to those patients who had their operations for: asymptomatic bruit; TIA; dizziness; vertigo, or syncope; mild stroke; severe stroke; progressing stroke; or as a prelude to surgery elsewhere in the body (Table 2 ). However, there were no significant differences between those of amaurosis fugax and asymptomatic bruit. Those patients operated on for progressing stroke had a higher incidence (although not significant) of stroke or death postoperatively than those in the other categories.
C. Classification of Operation
In looking at the incidence of stroke or death postoperatively compared to the classification of operation there was no statistical difference in the incidence among categories in the single-stage unilateral endarterectomy, staged bilateral endarterectomy, or endarterectomy combined with peripheral vascular procedure. When these three classifications were compared to endarterectomy combined with coronary bypass or simultaneous bilateral endarterectomy there was a statistically higher incidence of stroke or death in these latter two categories than in the three aforementioned groups (table 3) (p < 0.005).
D. Type of Procedure
There was a statistically significant difference among the complication rate of stroke and death vs. the type of closure with vein patch grafting being the lowest risk group analyzed (table 4). Vein patch grafting was statistically better than both fabric patch grafting and primary closure (p < 0.01). This could be skewed data as the technique of vein patch grafting was used as the preferred method of closure at one large center with a low morbidity and mortality. Balanced against this, however, was the use of this technique by other groups only for their complicated cases.
E. Type of Monitoring
When all patients who were monitored with EEG or stump pressures were compared to patients who were not monitored, there was a statistically significant difference in favor of the EEG group (table 5) (p < 0.005); but no difference in the group monitored with stump pressures. It was difficult to evaluate the use of a shunt in monitored patients as the shunt was placed when monitoring techniques indicated a need for same.
In nonmonitored patients, cases which were operated without a shunt did significantly better than patients who were operated with a shunt (p < 0.005). Thus, if no monitoring was used, it appeared to be statistically safer to operate the patient without a shunt than with a shunt.
F. Type of Surgeon
There were statistical differences related to surgical complications and the type of surgeon doing the operation, but this information is probably not valid on a sampling basis. The difficulty in making such an analysis obviously refers to the bias of the sampling group in that neurosurgeons with good results were probably more inclined to pursue this form and report their results than were neurosurgeons with bad results. Furthermore, if they knew that bad results were being obtained in their hospitals by vascular and cardiovascular surgeons and they themselves were not tending to do the surgery, they were still more likely to fill out the form.
An analysis concerning the type of surgeon vs. the indication for surgery is of some interest. The ranksum type of analysis based on table 6 was used for this examination. Here the indications for surgery were divided into two groups: the "solid" or tangible indications for surgery and "less solid" or disputable indications for surgery. These "solid" or tangible indications for surgery included: amaurosis fugax, TIA, mild stroke, severe stroke (with however important residual function), or progressing stroke. The "less solid" or disputable indications for surgery included: asymptomatic bruit; dizziness, vertigo or syncope; and prelude to surgery elsewhere in the body. The cases with "other or unspecified indications for surgery" were not included in this analysis. Neurosurgeons ranked first in this analysis having more patients in the group considered as having solid indications for surgery.
Discussion
The results of this audit are self-explanatory. The variations concerning: indications for surgery, the type of operation performed, and the use of monitoring procedures indicates that there is as yet no consensus regarding any of these. Conflicting reports in the literature indicating excellent results with no monitoring,'" 10 no monitoring and no shunting, 2 -3 shunting routinely, 6 monitoring without shunting, 4 surgery under local anesthesia'' and reliance upon stump pressures for the use of shunts' 2 ' ' 3 leave the discriminating reader bewildered. Experienced surgeons adamantly support their position concerning their methods of arterial repair and thus an evaluation of these differences is difficult to achieve.
26 ' l4 -' 9 Among the major problems with any multicenter study are the variations in populations treated, the dedication of the correspondents and investigators, and the completeness of hospital records. Recognition of minor neurological deficits is often not the same from institution to institution and several community studies suggest minor complications are not always recorded. 20 " 23 The original purpose of this investigation was to define the current state of the art. In that we only There is an admitted bias in this report in that neurosurgeons were the correspondents. Nevertheless, the above information reported here may serve as a benchmark for further studies and may represent a possible cross-section of carotid endarterectomy in North America today. Parenthetically, it should be noted, that there was considerable variability from institution to institution in the obvious time taken for preparation of the answered computerized form. This was a simplified computer form and only two code numbers required any comment. In those computer forms with more complete information in these areas, indicating possibly a more discriminating analysis, the reported complications were higher. Thus, this retrospective analysis may represent an optimistic report on the current state of the art. 
